In recent years, extended-spectrum β-lactamases (ESBL) producing bacteria have been found in livestock, mainly as asymptomatic colonizers. The zoonotic risk for people working in close contact to animal husbandry has still not been completely assessed. Therefore, we investigated the prevalence of ESBL-producing Escherichia spp. in livestock animals and workers to determine the potential risk for an animal-human cross-transmission.In Mecklenburg-Western Pomerania, northeast Germany, inguinal swabs of 73 individuals with livestock contact from 23 different farms were tested for ESBL-producing Escherichia spp. Two pooled fecal samples per farm of animal origin from 34 different farms (17 pig farms, 11 cattle farms, 6 poultry farms) as well as cloacal swabs of 10 randomly selected broilers or turkeys were taken at each poultry farm. For identification, selective chromogenic agar was used after an enrichment step. Phenotypically ESBL-producing isolates (n = 99) were tested for CTX-M, OXA, SHV and TEM using PCR, and isolates were further characterized using multilocus sequence typing (MLST). In total, 61 diverse isolates from different sources and/ or different MLST/PCR results were acquired. Five farm workers (three from cattle farms and two from pig farms) harbored ESBL-producing E. coli. All human isolates harbored the CTX-M β-lactamase; TEM and OXA β-lactamases were additionally detected in two, resp. one, isolates. ESBL-producing Escherichia spp. were found in fecal samples at pig (15/17), cattle (6/11) and poultry farms (3/6). In total, 70.6% (24/36) of the tested farms were ESBL positive. Furthermore, 9 out of 60 cloacal swabs turned out to be ESBL positive. All isolated ESBL-producing bacteria from animal sources were E. coli, except for one E. hermanii isolate. CTX-M was the most prevalent β-lactamase at cattle and pig farms, while SHV predominated in poultry. One human isolate shared an identical MLST sequence type (ST) 3891 and CTX-M allele to the isolate found in the cattle fecal sample from the same farm, indicating a zoonotic transfer. Two other pairs of human-pig and human-cattle E. coli isolates encoded the same ESBL genes but did not share the same MLST ST, which may indicate horizontal resistance gene transfer. In summary, the study shows the high prevalence PLOS ONE |
Introduction
Extended-spectrum β-lactamases (ESBL) are mainly plasmid-encoded enzymes providing an extended resistance to β-lactam antibiotics and can be produced by a variety of different bacteria, such as Enterobacteriaceae or nonfermenting bacteria [1, 2] . Escherichia coli (E.coli) and Klebsiella pneumoniae are the most frequently found ESBL-producing bacteria [2] and may cause urinary tract infections (UTI), pneumonia or even sepsis [2, 3] . CTX-M β-lactamases have emerged as the most prevalent ESBL enzymes in humans [4] , whereas subtypes varying depending on the geographic region [5] . Since over three decades ESBL-producing bacteria were known as nosocomial pathogens and since the late 1990s they were increasingly found as a causal agent of infections in the community [6] .
The occurrence of ESBL-producing bacteria has been broadly recognized in veterinary medicine, e.g. as causative agents for mastitis in dairy cattle [7] since the 2000s [8, 9] , but only a few studies exist which investigated the prevalence of ESBL-producing bacteria in German livestock, showing their existence in sick and healthy cattle, pig and poultry farms [10] [11] [12] [13] [14] . The CTX-M group, in Europe especially CTX-M-1 β-lactamase, is the most frequently detected ESBL in livestock [5] . The risk of zoonotic transfer from livestock to people with close contact to these animals is still largely unknown, but some studies have implicated a transfer of ESBLproducing E. coli or ESBL genes from poultry or pigs to farm workers [15] [16] [17] [18] . Besides this direct zoonotic transfer, other routes as foods of animal origin may be a risk factor for human colonization or infection [19, 20] . However, ESBL-producing bacteria are not only found in livestock, but also in companion animals [8, 21] , zoo animals [22] and wild animals [23] [24] [25] [26] .
In our study, we assessed the occurrence and zoonotic potential of ESBL-producing bacteria by comparison of the ESBL genes and sequence types (STs) of multilocus sequence typing (MLST) in farm workers as well as at pig, cattle and poultry farms in the region of Mecklenburg-Western Pomerania (MP) in northeastern Germany.
Material and Methods Design
We conducted a cross-sectional study of the occurrence of ESBL-producing bacteria in people who were in close contact with farm animals in comparison to the ESBL prevalence in livestock in MP. The design of this study was approved by the ethics committee of the Ernst Moritz Arndt University of Greifswald in February 2012 (No.BB 07/12).
From March to June 2012, 73 people (31 female, 42 male) with livestock contact from 23 farms in MP were screened for ESBL-producing bacteria. 32 participants worked at pig farms, 24 at cattle farms and 17 persons worked at poultry farms (Table 1) . Two of the 73 participants were included in the study despite not being employed farm workers, as they were in regular close contact with farm animals.
A total of 34 farms were included: 17 pig, 11 cattle and 6 poultry farms (4 broiler, 2 turkey farms) and fulfilled the following criteria: the number of animals should be at least 50 pigs or cattle, or 10.000 poultry (only fattening) and the localization preferentially in the northeastern part of MP. Four of the pig farms were organic. On poultry farms, cloacal swabs were additionally taken from 10 randomly chosen animals per farm. All participants gave written informed consent after clarification of the purposes of the study.
Sampling
The participants themselves took inguinal samples with a sterile swab (Amies transport medium, transystem1, Copan Italia Spa, Brescia, Italy) according to instruction by trained physicians or veterinarians.
Two pooled fecal samples per cattle or pig farm were separately screened for ESBL-producing bacteria. Each sample weighed at least 25 g and represented the feces of at least ten animals. At poultry farms, boot swabs from one to two barns were collected by walking at least half the length of the tested barn. Additionally, 10 randomly selected animals were sampled by taking cloacal swabs (Amies transport medium, transystem1, Copan Italia Spa, Brescia, Italy) by a veterinarian. The animals were neither hurted nor injured by this procedure. Samples were processed within 24 hours to 48 hours.
ESBL isolation
The processing of human isolates was performed in laboratory of the Institute of Hygiene and Environmental Medicine in Greifswald, the feces samples and boot swabs were processed at the Federal state laboratory of MP and the poultry swabs were processed at the Robert Koch Institute, Berlin.
Human For confirmation of ESBL production, here the Cefpodoxime Combination Disc Kit (Oxoid, Basingstoke, UK) was used according to manufacturer's instructions. From fecal samples and inguinal swabs each morphologically different colony was selected. In contrast, five colonies were randomly chosen for further investigation from cloacal samples. All isolates were stored at -20°C in cryobank tubes according to the instructions of the manufacturer (Mast CRYO-BANK™, Reinfeld, Germany).
Genotypic characterization
Of all ESBL-producing Escherichia spp. isolates, the species was confirmed using matrix-assisted laser desorption/ionization-time-of-flight mass spectrometry (MALDI-TOF MS) before they were further characterized using a PCR assay for the detection of ESBL encoding genes. To elucidate their phylogenetic background MLST was performed using the E. coli MLST scheme published by Wirth et al. [27] . For both assays, DNA was extracted as follows: a single bacterial colony was transferred into 100 μl 5% Chelex1 100 Resin (Bio-Rad Laboratories, Hercules, CA, USA), boiled for 10 min at 100°C and centrifuged for 2 min at 12,000 g. Subsequently, 60 μl of the supernatant including the DNA were transferred into a new reaction tube and used as PCR template in a 1:100 dilution. For detection of the β-lactamase genes (bla CTX-M , bla OXA , bla SHV , bla TEM ), a multiplex PCR was used as published [28] . Additionally, for the human isolates and the corresponding livestock isolates Sanger sequencing of the PCR products was performed to enable further subtyping of the ESBL genes. Resulting partial sequences of the ESBL genes were blasted against the published ESBL reference sequences and alleles were named in accordance to http://www.lahey.org/studies/. In case of ambiguous results, all possible ESBL alleles were given; if sequencing failed, the alleles were rated as "non-typeable".
For MLST, the previously described protocol by Wirth et al. was applied [27] . Resulting sequences of the seven house-keeping genes were analyzed using the SeqSphere + software version 1.0 (Ridom GmbH, Münster, Germany) and MLST sequence types (ST) and clonal complexes (CC) were assigned in accordance to the E. coli MLST website (http://mlst.warwick.ac. uk/mlst/dbs/Ecoli). Phylogenetic trees were constructed using SeqSphere + software (Ridom GmbH).
Data collection
Information about age, sex and the average daily working hours (based on a 5-day working week) of the farm workers as well as the specialization of the farm (e.g., breeding farm, dairy farm) and whether it was organic or conventional were recorded. All collected data were electronically stored and evaluated using IBM SPSS Statistics 22 to compare farm workers working in farms with an ESBL-positive fecal sample carrying ESBL-producing bacteria with non-carriers for significant differences in these parameters. Mann-Whitney-U-Test and Fisher's exact test were used and p-value cut-off was set as 0.05.
Results

Microbiological analysis
In total, 99 isolates were obtained and further analyzed. Of those, 38 isolates were of supposed clonal origin, as they were found in the same sample source and showed identical MLST and PCR results. Therefore, 61 distinct isolates from human (n = 5), cattle (n = 10), pig (n = 33) and poultry (n = 13) sources were included in the assessment. Five of 73 (6.8%) farm workers carried ESBL-producing E. coli and all were employed at farms with positive livestock fecal samples (Table 1) . Two individuals worked on pig farms and three on cattle farms. One of the two pig farms was a mixed breeding/ rearing farms, the other farm was a breeding farms. Two of three cattle farm workers carrying ESBL-positive E. coli worked at the same farm. This farm was a mixed dairy cattle and fattening farm, the other cattle farm kept only dairy cattle. No significant differences in sex, age or average daily working hours between the ESBL-positive and ESBL-negative farm workers could be detected (Table 2 ).
In 15 of 17 (88.2%) participating pig farms, ESBL-producing bacteria in fecal samples were detected ( Table 1) . Four of them were organic farms. The majority of farms (n = 9) were mixed farms with breeding, rearing and fattening. Altogether, 33 ESBL-producing isolates were found in pig farms. Six of the 33 isolates were from organic farms. All isolates were identified as E. coli, except for one E. hermanii isolate. Due to its close relation to E. coli, the E. hermanii isolate was included in the study.
Six of 11 cattle farms (54.5%) were positive for ESBL-producing E. coli (Table 1 ). All cattle farms kept dairy cattle; three farms also had suckling calves and/or beef cattle. In total, ten ESBL-producing isolates were found.
Three of six poultry (50%) farms turned out to be positive for ESBL-producing E. coli, all of which were broiler farms (Table 1) . Three isolates were found. Nine of the 60 cloacal swabs harbored ESBL-producers and ten isolates were obtained. In two of three broiler farms with ESBL-positive boot swabs, ESBL-producing isolates from animals were detected via cloacal swabs. From one farm with an ESBL-positive boot swab sample, only one of ten cloacal samples was ESBL-positive. From another ESBL-positive broiler farm, eight cloacal samples were positive for ESBL-producing E. coli. In one broiler sample two isolates were found.
Phylogenetic analysis
Genotypic analysis of the investigated strains (n = 61) showed a diverse collection of ESBL-producing isolates. Overall, 40 different STs and 13 different CCs were detected; among these, ST162 (CC469, n = 11) were the most common (Fig 1) . Fig 1A shows the correlation between the MLST-based phylogeny and the distribution of ESBL genes. Whereas the majority of STs only carried the same ESBL gene(s) or combination of genes, five STs, namely STs10, 88, 101, 162, 648, had two different combinations of ESBL encoding genes.
All human isolates (n = 5) were positive for CTX-M, one human sample was positive for OXA, too. The isolates of the two pig-farm workers were also positive for the TEM group. Fig  1B illustrates At pig farms, 27 different STs were found. The β-lactamase CTX-M (n = 26) was always detectable, except for one isolate which was only positive for the TEM β-lactamase. Ten isolates determined for CTX-M and TEM enzymes.
At cattle farms, 8 of 10 isolates found produced CTX-M β-lactamases, two of them carried also the bla OXA gene and one of them harbored a third β-lactamase, the TEM enzyme. One isolate had both CTX-M and TEM β-lactamases. Another isolate carried only the SHV β- lactamase and another had only the TEM enzyme. Nine different STs were detected; ST446 was identified in isolates from two different farms. At the poultry farms, one boot swab isolate contained a CTX-M β-lactamase (ST115). The other two isolates contained SHV and TEM β-lactamases.
In one broiler farm, the cloacal and the corresponding boot swab sample carried the same ESBL gene (SHV), but represented different ST types (ST162 and ST2705). In the second farm with an ESBL-positive boot sample and corresponding cloacal swabs, all isolates (n = 10) also belonged to ST162 (CC469). All were positive for SHV and five were additionally positive for TEM β-lactamase. An ESBL variant with the bla SHV and bla TEM genes and a variant with only the bla SHV gene were detected in the same animal. 
Comparison human and livestock results
In Fig 1B, the distribution of human and animal sample origin is displayed. In three STs (ST542, ST648, ST3891), the MLST genotype is shared by human and animal isolates; however, only two CTX-M-positive ST542 and ST3891 were present in humans and animals (Fig 1) . Of these, one human isolate harbored the same ST3891 variant and subtyping of the CTX-M β-lactamase using partial sequencing of bla CTX-M resulted in two possible alleles, CTX-M-1 and CTX-M-61 ESBL (S1 Table) , which was also found in the corresponding fecal sample from the same farm. One pair of isolates (human and cattle) also shared CTX-M-1/-61, but exhibited different STs (ST542 and ST533). The cattle isolate encoded also an OXA ß-lactamase, where partial sequencing of the PCR product failed, likely due to different copies of the gene or due to frame shift mutations ("non-typeable"). In this farm, a second farm worker harbored an ESBLproducing E. coli, encoding a CTX-M-15/-28/-88 and OXA β-lactamase which was also nontypeable. One pair (human and pig) of isolates also shared CTX-M-1/-61 and TEM-104/-206 ESBLs with different STs (ST367 and ST10). The isolate of another pig farm worker encoded a TEM-104/-206 ESBL and the CTX-M encoding genes were non-typeable. Four different ESBLproducing isolates were found in the corresponding pig feces samples. Two isolates encoded the CTX-M-1/-61 ESBL, in one isolate the CTX-M encoding genes were non-typeable and the fourth isolate encoded the CTX-M1/-61 as well as the TEM-104/-206 ESBL. The STs of these human and pig isolates differed as shown in Table 3 . isolates from humans (inguinal swabs), pig and cattle (fecal samples) and broiler (boot swabs). CTX-M ESBL dominated in pigs with 32 isolates; 8 were found in cattle, 5 in humans and 1 in poultry. OXA enzymes were rare, but most frequently isolated from cattle (n = 2). SHV were also rare and dominated in poultry (n = 2). TEM were most frequently found in isolates of pig origin (n = 11). 
Discussion
The direct transfer from ESBL-producing bacteria to humans via close contact seems possible, but evidence is sparse [5, 29] . Wu et al. (2013) used MLST and virulence and resistance gene microarrays to investigate ESBL-producing E. coli from human and animal sources from Germany, the Netherlands and the UK. Merely 1.2% of the animal isolates shared the same MLST CC with the human ones indicating that zoonotic transmission plays no or a minor role [30] . A review by Ewers et al. (2012) reached a similar conclusion, as the main ESBL subtypes vary distinctly in human and livestock sources [5] . In contrast, ESBL-producing E. coli isolates from German livestock and humans recently showed a higher occurrence of CTX-M-1 in humans (29.3%) and CTX-M-15 ESBL in livestock (17.7%) than did the review by Ewers et al. (7% and 8%, resp., for Europe) [5, 31] . Furthermore, similar ESBL isolates were found in human isolates and in poultry meat samples in the Netherlands, also suggesting a zoonotic transfer [19, 32] . A direct transfer from poultry to people with close contact seems possible as well [17] . Huijbers et al. revealed an increased risk for people with close broiler contact as well as strong indications of the transmission from animals [18] . Pigs may also play a significant role as vectors: E. coli isolates from Danish pigs and pig farm workers harbored the same CTX-M-1 carrying plasmids, indicating a horizontal transfer of plasmids between E. coli lineages from livestock and human sources [15] . Recently, another Danish study strengthened these results, finding highly similar ESBL-producing E. coli in pigs and pig farm workers [16] .
In our study, all farm workers carrying ESBL-producing E.coli worked on positive-tested farms, and two positive-tested cattle farm workers were employed at the same farm. Furthermore, three farm workers with ESBL-producing E.coli harbored the same MLST ST that was also found in livestock sources. The isolates from one human and one cattle source had the identical MLST result and revealed a CTX-M-1/-61 β-lactamase. This suggests that the isolates descend from the same E. coli clone. Unfortunately, our assay was not able to distinguish between CTX-M-1 and -61 allele because of their great similarity as they differ only by one amino acid. CTX-M-61 is rarely found in Enterobacteriaceae [33, 34] , whereas the CTX-M-1 β-lactamase is the most frequently isolated CTX-M allele from livestock sources in Europe, but can also be occasionally found in humans [5] . Furthermore, the same ESBL genes were found in human and livestock isolates, which may indicate a horizontal resistance gene transfer, as ESBL are often plasmid-encoded. Characterization of the plasmids or whole genome sequencing would yield more precise results. Finding the same ESBL-producing E.coli in livestock and farm workers does not prove a zoonotic transfer. A common source of transmission is also conceivable as epidemiological link. Generally, livestock may spread ESBL-producing bacteria into the environment, e.g., via ESBL-positive slurry used as fertilizer for crop farming [10] . In consequence, resistant bacteria may disseminate into the soil [35] and the ground water and dissemination through the air, rodents or other vermin is conceivable [13, [36] [37] [38] . Antibiotics and resistant bacteria can also be distributed through human sources, e.g., through waste water [39] .
Due to small sample sizes, regional concentration and voluntary participation of the tested farms and farm workers, our study is not meant to be representative for the prevalence of ESBL-producing bacteria in MP. The number of positive farm workers found in our study was rather small. The prevalence of ESBL-producing E. coli in the general community is still not completely assessed. In the Netherlands, 4.9% (45/927) of the community harbored ESBL-producing E. coli at admission screening [32] and recently, a study revealed a prevalence of 6.3% (211/3344) in Bavaria, Germany [40] . Compared to our results, the difference is quite small, but the number of participants in our study is rather low and we did not analyze rectal swabs or fecal samples. This would have been more sensitive; however, rectal swabs are typically associated with low compliance. Furthermore, the pre-enrichment was not selective for ESBL-producers, adding a cephalosporine could have improved the detection rate [41] . Therefore, an underestimation of the ESBL-producing bacteria is very likely. Likewise, investigating only one morphologically different colony growing on the chromogenic agar plate could also led to a underestimation of existing ESBL genes and MLST STs, otherwise, the five isolates from the poultry cloacal swabs were almost all clones of the same E. coli. It was already shown that the number of isolates tested within one animal plays a minor role for detection of different resistance profiles [42] .
MLST is well suited for epidemiological investigations, but may have a less discriminatory power for outbreak investigations than the pulsed-field gel electrophoresis (PFGE) [29] . Anyway, MLST may lead to more precise results for ESBL-producing E. coli than PFGE [43] .
There are only a few studies investigating the prevalence of ESBL-producing bacteria in healthy livestock in Germany. In Bavaria, 39 of 45 cattle farms (86.%) tested positive for ESBLproducing E. coli, using fecal samples, dust samples and boot swabs [13] . Friese et al. examined animals from farms located in the northern and eastern part of Germany, finding a prevalence of 50% (n = 32) at pig farms, 60% (n = 10) at cattle farms and 100% (n = 6) at broiler farms [10] . The overall prevalence of their results is lower than in our study (60% vs 70%). In contrast to our results, all broiler farms were ESBL-positive, but their prevalence at pig farms was notably lower (50% vs 88%).
Usually, colonization rates in broiler flocks seem to increase during the fattening period [14, 44] . The dependence on age of the animals should be kept in mind when comparing different prevalence studies. In our study, the broiler farm with the youngest chickens (about one week old) turned out ESBL-negative, as did the two tested turkey farms, although the animals were at the end of the fattening period. The cloacal swabs identified no additional ESBL-positive poultry farms. On the contrary, at one poultry farm with an ESBL-positive boot swab, all sampled animals turned out to be negative. Therefore, the boot swabs seem more appropriate for identifying ESBL-positive barns. Nevertheless, the cloacal swabs gave additional information about the ESBL genes present in poultry barns.
Our study included four organic pig farms, all of which were positive for ESBL-producing E. coli in fecal samples. The number of tested organic farms was too small to be representative, and studies which examined the prevalence of ESBL-producing bacteria in organic farms are sparse. However, it demonstrates that ESBL-producing E. coli occur in organic pig farms.
The use of antibiotics may be an important factor for the distribution of multiresistant bacteria in livestock [29] . The usage of antimicrobials other than β-lactams may also lead to selection of ESBL-harboring bacteria [45] . Concerning ESBL-producing bacteria, other routes of acquiring resistance genes are also conceivable, e.g., even one-day-old broiler chickens can acquire ESBL-producing bacteria via vertical transmission from the parent or grandparent animals [44] . Therefore, trade is another important risk factor for the distribution of ESBL-producing E.coli [29] .
The generally high occurrence of ESBL-producing E. coli in livestock demonstrated in this study allows the presumption of their broad dissemination in food producing animals. While a zoonotic transfer was not proven but would well fit to our results.
Conclusion
Evidence for a direct transfer of ESBL-producing E. coli to persons working in close contact to livestock is sparse. This study implies that epidemiological links are likely to exist between livestock und farm workers. The high prevalence of ESBL-producing E. coli on pig, cattle and broiler farms in MP emphasizes the impact of livestock animals as a reservoir for such organisms. Further monitoring of the epidemiology of ESBL-producing bacteria in humans and livestock and the elucidation of possible transmission routes are needed. 
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